It is shown that pumping of a medium with an atomic number 2=: 30 by short-wavelength (λ ρ 50.1 nm) electromagnetic radiation of ~ 10 15 -10" W/cm 2 intensity for a time t p £ 30 nsec should, in principle, result in stimulated emission due to n, = 5, 4 -*· n r = 3 transitions between the hydrogenic states of multiply ionized ions (giving rise to laser emission at λ, ~ 1-2 nm). The active medium may be formed during irradiation from, for example, a copper or brass wire / ~ 1 m long with an initial radius r 0 S 0.3 mm.
Recombination nonequilibrium of a plasma can be maintained by an external ionizing source (for example, a beam of electrons or of short-wavelength electromagnetic radiation), as shown in §16 in Ref. 1 . Conditions suitable for lasing may be established directly during the action of such an ionizing source. The situation is then basically similar to that discussed in the case of plasma lasers emitting visible radiation, but so far the discussions relating to the short-wavelength range (laser emission at λ 1 < 50 nm) have been confined to pumping in which the energy deposition and cooling of electrons are separated significantly in time. This has been due to the absence of laboratory sources of ionizing radiation with a flux density sufficient to pump transitions in the short-wavelength range. We shall consider "exotic" sources 2 and estimate the requirements in respect of the flux of ionizing χ rays needed to achieve laser emission at wavelengths of 1-2 nm.
We shall consider population inversion 1 · 3 of hydrogenic levels with c = 5, 4, and 3. Inversion as a result of n, = 5, 4-» rif = 3 transitions appears because the final (lower) level n f is depopulated more rapidly than the initial (upper) levels n ( . We cannot expect inversion relative to n f = 2 because of reabsorption of the radiation due to the 2 -1 transition when pumping with fast secondary electrons induces the 1-2 transition (see §16 in Ref. 1). The w ( =5,4-n t = Z transitions correspond to λ,-1-2 nm when the nuclear charge is Z**Z0. For example, if Ζ =26 (iron), we have X 43 = 2.77 nm and λ 53 = 1.9 nm; in the case of Ζ =29 (copper), we obtain λ 43 = 2.23 nm and X 53 = 1.52 nm; if Ζ =30 (zinc), we find that λ 43 =2.08 nm and λ 53 = 1.42 nm. The ionization potentials J z = 13.6Z 2 (eV) of the Η-like ions of these elements are Jp, = 9.2 keV, J C|1 = 11.4 keV, and J Za = 12.2 keV. In the case of continuous pumping we have to ensure that the pump photon energy Κω ρ exceeds J z . This corresponds to a pump wavelength λρ~ 0.1 nm and to an effective source temperature T, & 10 keV.
Inversion as a result of the n t = 5, 4-n f = 3 transitions can be expected for relatively low values of the electron density and temperature in a plasma (see Figs. 5 and 3 in Ref. nsec.
The duration of pumping t, should exceed the time required for expansion to the appropriate electron density: i p >i e xp). It should be noted that in the case of pumping by thermal ionization and subsequent cooling, 1 the pump time does not have a lower limit but an upper one
The threshold intensity of the ionizing radiation / p in the case of equal numbers of ionization and recombination events is related to the threshold value of the gain
where Δω is the effective line width; 0" ph is the photoionization cross section of an ion with a charge Z-\; N z -i~N z ~N e /Z~ 3x 10 20 cm" 3 .
We shall assume that the wire length is I ~ 1 m and thatx th~ 1θ/Ζ~0.1 cm"
1 . Overestimating somewhat the Stark line width
Αω = 11
N p \2 Γ5-10 11 wc-'for 4-* 3, tlO" sec'for 5-*3.
we find that the conditions for the two transitions are w/cm 2 for the 5-3 transition {Z =30). At a distance of 1 m from the pump source this intensity corresponds to the evolution of 10 14 J in 50 nsec if the hard radiation carries more than 10% of the energy. The divergence of the laser beam should then be φ=ν τ ί, α /ΐ~ 10" 3 rad.
It follows from the above estimates that laser emission at λ,» 1.4 nm considered in Ref. 2 may indeed occur (the closest to this wavelength is the 5-3 transition in zinc, as discussed above). However, the information given in Ref. 2 is quite insufficient to judge the feasibility of the experiment itself and to interpret it more specifically. An analysis of the dynamics of forced expansion of the plasma under the action of high-power electromagnetic radiation, similar to that given in Refs. 4 and 5, becomes additionally interesting in connection with the above proposal.
